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Genetic diversity and structure analysis of
Rhynchophorus ferrugineus ( Olivier) in China

XIAO Yugqian'", HUANG Mengyi'*, YAN Wei’, SHI Juan'"
"The College of Forestry of Beijing Forestry University, Beijing 100089, China; *Coconut Research Institute
Chinese Academy of Tropical Agricultural Sciences, Wenchang, Hainan 571300, China

Abstract: [ Aim] The invasive alien species Rhynchophorus ferrugineus Oliver is a national forestry quarantine pest. This study
aimed to investigate the population genetic structure and differentiation rules of R. ferrugineus in China and to provide a basis for
control of the spread in the future. [ Method] The sequences of 12 Chinese geographic populations of R. ferrugineus at nine microsat-
ellite loci were determined based on microsatellite technology, and the genetic diversity and genetic structure among populations of
R. ferrugineus were analyzed using PopGen32, BOTTLENECK, and STRUCTURE software. [ Result] Among the 12 geographic pop-
ulations, nine had high genetic diversity (Nei’s mean > 0.5). The results of the bottleneck effect test showed that, except for the
population of Mengzi, which recently suffered from the bottleneck effect, other populations did not experience the bottleneck effect.
The populations of Guangxi and Jiangxi conformed to the Hardy-Weinberg equilibrium at most loci, and other populations deviated
from this equilibrium in nine microsatellite loci. The F, of nine SSR loci in most of the 12 geographic populations was less than 0.18,
the value of the mean was 0.1769, and N, ranged from 0.4332 to 2.1130. The 12 populations were divided into three groups by the
methods of STRUCTURE and principal coordinate analysis. [ Conclusion] The main genetic variation among populations of R. ferrug-
ineus occurred within the population, and the variation among populations was not obvious. Frequent gene exchange existed among
most populations. R. ferrugineus from Xinyu, Jiangxi, and Chongzhou, Sichuan were probably introduced from Fujian. There might
be multiple invasion sources and invasion paths in populations of R. ferrugineus in China.
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Table 1 Primer sequences and character of 9 microsatellite loci of R. ferrugineus
(A SIYFH 5'-3 HIEH 7t Ji BERAN B R EE
Loci Primer sequences 5'-3’ Repeat Fluorescence Size/bp Tm/C

PI1A3 F.CACCTTTAATAGTTCTTCTGACAT (GT)14 FAM 182~230 53.0
R:AAAAGACAAGGAAATCCACA

PIC11 F:TCCTGCGAACAAAGAGAAA (TG)10 HEX 185~199 56.0
R:GCAAAAATCACTCGGACA

P4D8 F.:AGGTGATTTTGGGCTCTTTT (GT)11 ROX 110~118 59.0
R:AGCATATTCGTATCCGTTAGAG

P1C8 F.CCGATCCAATTCCCTAAA (GT)9 HEX 181~210 59.0
R:CGTTCGGTTTACGTGTCC

P2F6 F.CGTGGGACCTTATTCGTG (GT)13 ROX 118~237 58.0
R:CTTTCCGTCTAACTTTCCTTTT

P2F8 F.GCCTTAGACTTTGTCCTACCC (TG)8 FAM 119~257 58.0
R:ATTCCTTATTCGCCTGACTT

P3A8 F:ATACGCCGCACAAAAACA (GT)9 ROX 262~266 58.0
R:CGAAACAAAGACCAGGAAAA

P3E5SB F.ATTCCTTGCGTCGTATTTGT (GT)8 FAM 201~209 59.0
R:GCTCGAATTGCGTCCTC

P1F8 F:TTAGATGCTACGTGATAGAAGAC (GA)27 ROX 118~163 61.0

R:CAGCCGGTCCATACACA

14 HIELQESSH

FIF Gene Marker software version 2.2.0 #X {4
FERFAMOL R SF AL HE R 1 RN, B B DL Excel
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FIH PopGen32 (1F4EF14,2019; Yeh et al.,
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allele, N,) A REEALFEFEL(number of effective al-
lele, N,) FHHER F [ E 5550 ( F-statistics ) \FfifHE [H]
Ak 2 KX (inbreeding coefficient among populations
F,) FhENITAC 2L (inbreeding coefficient in pop-
ulation, F, ). B i 38 & %L ( totalinbreeding coeffi-
cient, F,) Nei FRFRifES L 2 (Nei’s standard ge-
netic distance, GD) ( £E17,2008; AHe,2014) F
AV (gene flow, N, ) ( Cushman et al. ,2006; Kreivi
et al.,2005) DA Ko ey il — 35 A1 % F- 7 ( Hardy-Wein-
berg equilibrium test) ( Rodriguez et al.,2009; Wig-
ginton et al. ,2005 ) RGN AT

FIH BOTTLENECK #fF( Piry et al. ,1999) , %
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B GEE FLHY ((step-wise mutation model, SMM ) Fl

XAH 5€ A8 55 #Y (two-phased model of mutation,
TPM) , il FHAF 5 K50 (sign test) (hRifE Ak 22 KL 56
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coxon test) 3 FIVRE I 5 1k X 6 (KRl 42 () AN (] Hb 2
iR HEA TR UM A 36 (VPAEFTHSE 20195 Kimura &
Crow, 1964 ; Ohta & Kimura,1973) ,

FIJH STRUCTURE #E47 388 4 2544 73 1, X AK
FInP, (X 1K) B &5 AT OB, i Jm 49 H et
K {8 (Evanno et al. ,2005; Janes et al.,2017) .

FIH GenAlex 6.502 (Rod & Peter,2012) -5
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Table 2 The genetic diversity parameters of 12 geographic populations of R. ferrugineus in China

T Populations
A= By o ik 2 = =3 . . L .

I{Aocus Parar?;er Crai;- Qiimﬁ;_ l\ir:- %j:h[{__l 3;3:_ i {ﬁt = i i Ch OJYI]Ig I% %ﬁ fﬂ"? }B—i ]
ang hai A <han ning Fuging Sanya  Mengla hou Yulin Xinyu  Xiamen
P2F6 N, 2.0000 2.0000 5.0000 4.0000 4.0000 5.0000 4.0000 8.0000 7.0000 5.0000 5.0000 7.0000
N, 1.9059 1.7534 3.5901 2.0684 2.2924  1.9766 2.2146 4.2453 1.9635 3.8432 3.3613 4.5000
1 0.6682 0.6211 1.3914 0.9230 0.9477 1.0237 0.9095 1.7080 1.0158 1.4276 1.3733 1.7195
H, 0.5556 0.500  0.0588 0.2727 0.2857 0.4615 0.5882 0.93333 0.3182 0.5714 0.8000 0.4444
H, 0.5033  0.4435 0.7433 0.5411 0.5847 0.5138 0.5651 0.7908 0.5021 0.7672 0.7205 0.8235
Nei's 0.4753  0.4297 0.7215 0.5165 0.5638 0.4941 0.5484 0.7644 0.4907 0.7398 0.7025 0.7778
P1C8 N, 1.0000  2.0000 4.0000 2.0000 2.0000 4.0000 3.0000 6.0000 6.0000 5.0000 5.0000 3.0000
N, 1.0000 1.2800 2.5689 1.7664 1.8491 1.2707 1.2731 2.7108 1.6435 3.6296 2.4465 2.0506
1 0.0000 0.3768 1.1233 0.6255 0.6518 0.4844 0.4438 1.2334 0.8898 1.4377 1.1858 0.8277
H, 0.0000 0.1250 0.2941 0.0909 0.0000 0.1538 0.0000 0.4000 0.0455 0.1429 0.0500 0.2222
H, 0.0000 0.2258 0.6292 0.4545 0.4762 0.2215 0.2210 0.6529 0.4006 0.7513 0.6064 0.5425
Net's 0.0000 0.2188 0.6107 0.4339 0.4592 0.2130 0.2145 0.6311 0.3915 0.7245 0.5913 0.5123
P2F8 N, 2.0000 2.0000 1.0000 3.0000 2.0000 3.0000 3.0000 4.0000 4.0000 2.0000 3.0000 3.0000
N, 1.6701 1.2047 1.0000 1.3224 1.2366  2.2533 1.4378 2.5281 1.9206 1.0740 1.1645 2.4545
1 0.5908 0.3111 0.0000 0.4851 0.3405 0.8981 0.5783 1.1219 0.9789 0.1541 0.3141 0.9950
H, 0.3333  0.1875 0.0000 0.1818 0.0714 0.0000 0.3529 0.3333 0.2727 0.0714 0.0500 0.2222
H, 0.4248 0.1754  0.0000 0.2554 0.1984 0.5785 0.3137 0.6253 0.4905 0.0714 0.1449 0.6275
Nei's 0.4012 0.1699  0.0000 0.2438 0.1913  0.5562 0.3045 0.6044 0.4793 0.0689 0.1412 0.5926
P1A3 N, 6.0000 5.0000 5.0000 4.0000 4.0000 4.0000 5.0000 5.0000 5.000 8.0000 6.0000 6.0000
N, 3.7674 3.1030 3.0745 3.7231 2.9037 1.6408 2.8058 3.7815 3.8261 4.3077 2.4242 3.1154
1 1.5035 1.2972 1.2784 1.3486 1.2104 0.7937 1.2622 1.4243 1.4471 1.7177 1.1572 1.4067
H, 0.5556 0.3750 0.4706 0.2727 0.3571 0.1538 0.4706 0.4667 0.2273 0.2857 0.4000 0.5556
H, 0.7778  0.6996 0.6952 0.7662 0.6799 0.4062 0.6631 0.7609 0.7558 0.7963 0.6026 0.7190
Nei's 0.7346  0.6777 0.6747 0.7314 0.6556 0.3905 0.6436 0.7356 0.7386 0.7679 0.5875 0.6790
P1C11 N, 3.0000 4.0000 5.0000 4.0000 4.0000 6.0000 6.0000 5.0000 7.0000 4.0000 4.0000 5.0000
N, 1.7419 2.2555 2.6884 2.5474 1.7900 3.1009 3.0104 1.5358 2.4383 1.4519 2.3324 2.0769
1 0.7298 0.9249 1.1634 1.0729 0.8084 1.3648 1.3169 0.7663 1.2969 0.6389 1.0234 1.0507
H, 0.1111  0.5000 0.5882 0.5455 0.4286 0.3077 0.5294 0.2667 0.2273 0.3571 0.7500 0.5556
H, 0.4510 0.5746 0.6471 0.6364 0.4577 0.7046 0.6881 0.3609 0.6036 0.3228 0.5859 0.5490
Net's 0.4259 0.5566 0.6280 0.6074 0.4413  0.6775 0.6678 0.3489 0.5899 0.3112 0.5713 0.5185
P4D8 N, 3.0000 3.0000 7.0000 3.0000 5.0000 5.0000 4.0000 8.0000 4.0000 4.0000 7.0000 3.0000
N, 1.4087 1.2104 5.4019 1.4491 1.8756  4.0563 1.2759 3.6290 3.3965 3.6636 5.1282 2.0506
1 0.7215 0.3708 1.7608 0.5764 0.9757 1.4706 0.4845 1.6151 1.2959 1.3389 1.7238 0.8277
H, 0.1111 0.1875 0.8235 0.3636 0.5000 0.2500 0.1176 0.4667 0.5455 0.7857 0.7000 0.5556
H, 0.3072  0.1794 0.8396 0.3247 0.4841 0.7862 0.2228 0.7494 0.7220 0.7540 0.8256 0.5425
Nei's 0.2901 0.1738  0.8149 0.3099 0.4668 0.7535 0.2163 0.7244 0.7056 0.7270 0.8050 0.5123
P1F8 N, 3.0000 6.0000 7.0000 4.0000 6.0000 8.0000 5.0000 12.0000 11.0000 9.0000 10.0000 7.0000
N, 2.0506 5.1717 4.6240 2.9877 3.3220 3.0727 2.9948 7.5000 6.1266 7.5385 5.5556 6.2308
1 0.8277 1.7046 1.7215 1.1900 1.4381 1.5503 1.3022 2.2168 2.0487 2.1000 1.9592 1.8790
H, 0.3333  0.1250 0.1765 0.2727 0.2143 0.3846 0.2353 0.4667 0.4545 0.2857 0.6000 0.2222
H, 0.5425 0.8327 0.8075 0.6970 0.7249 0.7015 0.6863 0.8966 0.8562 0.8995 0.8410 0.8889
Nei’s 0.5123 0.8066 0.7837 0.6653 0.6990 0.6746 0.6661 0.8667 0.8368 0.8673 0.8200 0.8395
P3ESB N, 3.0000 4.0000 2.0000 3.0000 4.0000 5.0000 6.0000 6.0000 6.0000 3.0000 7.0000 4.0000
N, 1.7419 2.0480 1.4859 2.9512 2.9697 2.2685 3.4201 3.4884 3.5139 1.4359 3.0651 2.6557
1 0.7298 0.9391 0.5084 1.0901 1.1973 1.0851 1.4055 1.4945 1.4499 0.5586 1.4290 1.1679
H, 0.2222  0.4375 0.2941 0.6364 0.3571 0.2308 0.4118 0.4000 0.3810 0.2143 0.1500 0.6667
H, 0.4510 0.5282 0.3369 0.6926 0.6878 0.5815 0.7291 0.7379 0.7329 0.3148 0.6910 0.6601
Net's 0.4259 0.5177 0.3270 0.6612 0.6633 0.5592 0.7076 0.7133 0.7154 0.3036 0.6738 0.6235
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P3A8 N, 2.0000 3.0000 3.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000 2.0000
N, 1.3846 2.2456 1.8827 1.5414 1.8491 1.5505 1.3349 1.6423 1.4824 2.0000 1.6000 1.9059
1 0.4506 0.8815 0.7829 0.5360 0.6518 0.5402 0.4176 0.5799 0.5066 0.6931 0.5623 0.6682
H, 0.1111  0.5000 0.2941 0.4545 0.2857 0.3077 0.0588 0.1333 0.1364 0.1429 0.3000 0.3333
P 0.2941 0.5726  0.4831 0.3680 0.4762 0.3692 0.2585 0.4046 0.3330 0.5185 0.3846 0.5033
Net's 0.2778  0.5547 0.4689 0.3512 0.4592  0.3550 0.2509 0.3911 0.3254 0.5000 0.3750 0.4753
SFE¥ME N, 2.7778 3.4444 4.333 3.2222 3.6667 4.6667 4.2222 6.2222 5.7778 4.6667 5.4444 4.4444
Mean N, 1.8524  2.2525 2.9240 2.2619 2.2320 2.3545 2.1964 3.4513 2.9235 3.2160 3.0086 3.0045
1 0.6730  0.8252 1.0811 0.8719 0.9135 1.0234 0.9023 1.3511 1.2033 1.1185 1.1920 1.1714
H, 0.2593  0.3264 0.3333 0.3434 0.2778 0.2500 0.3072 0.4296 0.2898 0.3175 0.42222 0.4198
H, 0.4168 0.4702 0.5758 0.5262 0.5300 0.5404 0.4831 0.6644 0.5996 0.5773 0.6003 0.6507
Nei's 0.3937 0.4555 0.5588 0.5023 0.5111 0.5193  0.4689 0.6422 0.5859 0.5567 0.5853 0.6145

N, NI N, AR FEN B 1 Shannon's 15 BIEEGH, . BB BE  H, B G BE s Nei's . F R R

N, : Number of allele; N, : Number of effective allele; /; Shannon’s information index; H,: Observed heterozygosity; H, : Expected heterozygosi-

ty; Nei's: Genetic diversity.

22 BEEBHEERR
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WETE 402 25 | F, 2 0.1681 ~ 0.6952, -2 {H K
0.3778;F, 4 0.2717~0.8067 , “F-H4{H N 0.4879, F,
{EAEAT 5 P1C8 Fe K, N 0.3659; 7E 47 /5 P1C11 i
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Table 3 Fixation index and gene flow of 9 microsatellite loci

{15 Locus PSR B F, RIESERELF, BhEE ML REL F, B N,
P2F6 0.1986 0.3152 0.1456 1.4676
P1C8 0.6952 0.8067 0.3659 0.4332
P2F8 0.4467 0.5490 0.1849 1.1024
P1A3 0.4274 0.5072 0.1394 1.5440
PIC11 0.1856 0.2717 0.1058 2.1130
P4D8 0.1681 0.3677 0.2399 0.7919
P1F8 0.5828 0.6292 0.1112 1.9978
P3E5B 0.3607 0.4615 0.1577 1.3358
P3A8 0.3609 0.4556 0.1482 1.4368
SEYI{E Mean 0.3778 0.4879 0.1769 1.1635

23 EfESi

] 12 /N4 (AR S o B0 R T 0 04 2 i) £ 3
LAy 0.4183~0.9702 (£ 4) BB OFEH 4R
HMEESR AR (BT B B T =
) M TEAE (52 A R ) RIS A% AR RLRE 24 /)N
F 0.6, FEEZ A 5S g/b . A E 5 795 2 1]
(RT3 AL ARAUEE KT 0.6, 6 B 3 BE Fh b 22 ] 56 P 22
TR A O hd R 5 = 0 P B AR TS R
T) P i A HE B e at | i 0.8715, J7 T R RE AN T4 1L

e =2 0] 0 38 1 1 8 J 30T, 47 0.0208,
2.4 ME-REEFE

TEM Il IR AAR A (3R 5) SR kg B
TIRNEERNZE A RS> BIAE P1CS A0 15 A P2FS v A5 |
BR TG R, XEARFAS (AR X)) AP EEE 9 4>
FCTS AN A ARSI 3 DU ) e i A 7
et S A — TRV ST 5 Ve e A R T
P2F8 Fll P3A8 1145 & W it — IR AK P10 ; = P e
£ P1A3 P1C11 A5G a3 —R s -4 | Pa A A2
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P2F6 P2F8 P1C11 P4D8 P3ESB |44 4 Wit — IR M
A T PG FPREZE P2F6 . P1C11 PAD8 P3AS 744 Wit

—IRAARE A, FEXEERpE PR P A LT
—AL R ART A AR

=4

HE 12 ME RSB EERERURE (A LR) M Nei's iIREREER(LTH)

Table 4 Genetic similarity index (above diagonal) and Nei’s standard genetic distance ( below diagonal )

among 12 geographic populations of R. ferrugineus in China

il U TR e R T T SR T S 'Y ST
Species L'}.lang— an_g_ Mengzi Wuzhi- Wan— Fuging  Sanya  Mengla Chong- Yulin Xinyu  Xiamen
Jlang hai shan ning zhou
B 7T. Changjiang sk 0.9344 0 0.6429 09360 0.9342  0.4490 0.9642 0.7468 0.7008 0.6626 0.6974 0.6860
B} Qionghai 0.0678  #=xxx  0.6705 0.9596 0.9398 0.4611 0.9536 0.6847 0.6706 0.6670 0.6788 0.6730
5¢ [l Mengzi 0.4418 0.3998  ==#xx  0.7514 0.7216 0.5771 0.6696 0.7939 0.7372 0.8121 0.8211 0.7061
Ti48 1l Wuzhishan 0.0661 0.0412 0.2859 sk 0.9702  0.5200 0.9630 0.7729 0.7793 0.7516 0.8144 0.7471
7T Wanning 0.068  0.0621 0.3263 0.0303  *xxx  0.5944 0.9323 0.7955 0.8250 0.7807 0.8049 0.7993
1878 Fuqing 0.8006 0.7742 0.5497 0.6538 0.5201  ==##x  0.4183 0.4672 0.7658 0.6708 0.7258 0.8142
= Sanya 0.0364 0.0475 0.4011 0.0377 0.0702 0.8715  ==##x  0.7250 0.6924 0.6307 0.7207 0.6656
B Mengla 0.2920 0.3787 0.2308 0.2577 0.2288 0.7609 0.3216  =*=xx  0.7185 0.8329 0.7818 0.7038
25 Chongzhou 0.3555 0.3995 0.3048 0.2494 0.1923 0.2668 0.3676 0.3306  ==xx  0.8139 0.9146 0.8895
FEAK Yulin 0.4116  0.4049 0.2081 0.2855 0.2476 0.3992 0.4609 0.1828 0.2059  =#=#*x  0.8838 0.8609
A Xinyu 0.3603  0.3874 0.1971 0.2052 0.2171 0.3205 0.3275 0.2461 0.0893 0.1236  =*xxx  0.8814
JZ 1] Xiamen 0.3768 0.3961 0.3480 0.2915 0.2240 0.2055 0.4070 0.3512 0.1171 0.1497 0.1262 s
x5 AEMBNGE-RAKTEENPE
Table 5 P value of Hardy-Weinberg equilibrium exact test for different populations
{37 45 Locus R Hainan T E Fujian P41 Sichuan J" P4 Guangxi TLVY Jiangxi Z P4 Yunnan

P2F6 0.0000 ** 0.0000 ** 0.0000 ™ 0.0801 0.7713 0.0000 **

P1C8 0.0000 ** 0.0000 ** 0.0000 ** 0.0000 ** 0.0000 ** 0.0000 **

P2F8 0.4610 0.0000 ** 0.0000 ** 1.0000 0.0000 ** 0.0000 **

P1A3 0.0000 ** 0.0007 ** 0.0000 ** 0.0000 ** 0.0000 ** 0.0622

PI1C11 0.0023 * 0.0000 ** 0.0000 ** 0.9976 0.7035 0.3064

P4D8 0.0000 ** 0.0000 ** 0.0326 " 0.9976 0.7632 0.0090 *

PI1F8 0.0000 ** 0.0000 ** 0.0000 ** 0.0000 ** 0.0000 ** 0.0000 **

P3ESB 0.0000 ** 0.0000 ** 0.0001 ** 0.3182 0.0000 ** 0.0000 **

P3A8 0.0000 ** 0.2197 0.0036 * 0.0049 * 0.3039 0.0000 **

' E%ﬂﬁé#—%”’*L — APV oAl O e e — R AP A A

: Significant deviation from Hardy-Weinberg equilibrium;

2.5 AR
FIH] BOTTLENECK {46 36 % 0 (% 6) , ¥
AR I A3 A7 (0 TPM AR h | = 52 H 4R
AR PP REAE 3 PRI 7 i P {E /N T
0.05 , U BHZFP R 7 3 1A AT 5B 28 Dy 2ok R SR g, 1
HA AL TPM (19 3 FfG I b 4R R BLH I A

BN 2 (P>0.05) . TAM BRI eh 3 Fefof i) 7
R EINEE RS TPM BRI 25 AL, bR T 5 E
TR 28 Dy i R S50 LASS , HL A 2R R 28 1 ik
RN, FE SMM AL rfr | AR E S0 G ) i /Tﬁ*/J
FB AT ANE LR I3 S SRR, , 5 S 43 A e 34 A A
DR AN 22 7
2.6 STRUCTURE HyiEfE 45494

X} STRUCTURE % tH B9 45 R 4T AK Fl InP (X

| K) 1 B0 12 G5 (O RA R 5 Mo BRFR R SR 25 10 £

" . Extremely significant deviation from Hardy-Weinberg equilibrium.
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FEEAFRBRER RSB E, Hh, 2l =
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(AT ) 1 7 FEROR P38 —FNeE =40 S Ay
—EMI A L, 2 AR 2 SOIR A A SRR AL,
A 5 A AR T A TP A A S (B A4
() o5 Bdie i o (A L AR el A v PR, A e ] ol
TSR = A3 SRS — 43 S 1) LB 2 o v — 28 | 59T
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Table 6 P value of BOTTLENECK test on populations of R. ferrugineus
HESRAE Probability
ik e BILORE®A AL T e Sy g M
ethod Model ~ Chang- Qiong- Meng- Wuzhi-  Wan- . Chong- . R .
. . . . Fuging  Sanya  Mengla Yulin Xinyu  Xiamen
Jlang hai zi shan ning zhou

ket oy IAM  0.4382 0.3044 0.0098 0.3347 0.3647 0.3282 0.3795 0.4157 0.5850 0.3830 0.3948 0.1805
Sign test TPM  0.4780 0.5844 0.0114 0.3601 0.3313 0.1222 0.5963 0.5593 0.5707 0.6262 0.4118 0.1930
SMM  0.0851 0.1485 0.5533  0.5427 0.3274 0.1125 0.0003 0.034° 0.1167 0.5695 0.1192 0.1249

FRfEfLE RS TAM 0.2628  0.1721 0.0150° 0.0818 0.1296 0.1154 0.3129 0.3616 0.4735 0.1155 0.2273  0.1061
Standardized TPM  0.3316 0.2408 0.0275° 0.1246 0.2116 0.0495 0.1971 0.4416 0.2741 0.1932 0.3587 0.1702
difference test SMM  0.1942  0.1905 0.4005 0.3904 0.1015 0.0000 0.0000 0.0007* 0.0000"* 0.1962 0.0021"* 0.2110
Wilcoxon ;55 IAM  0.2305 0.1797 0.0020" 0.1250 0.1797 0.8203 0.5449 0.1797 0.5449 0.1797 0.1797 0.1250
Wilcoxon test TPM  0.3203 0.2480 0.0020™ 0.1504 0.2480 0.9180 0.6328 0.4102 0.5449 0.2852 0.2852 0.1797
SMM  0.8437 0.7520 0.3203  0.5449 0.7871 0.9902 1.0000 0.9863 0.9355 0.7520 0.9814 0.7148

*. P<0.05; ™ . P<0.01.
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Fig.1 The distribution of the three clusters calculated by STRUCTURE in the 12 populations of R. ferrugineus in China
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Fig.2 Principal coordinate analysis ( PcoA) of R. ferrugineus of 12 geographic populations
CJ: BT SY : =W QH : iU 28 . AR I WNL T T s MZ: 58 1 s ML B 3 CZ: S8 XY B A XM BT T YL: 4K FQ AR
CJ: Changjiang; SY: Sanya; QH: Qionghai; ZS: Wuzhishan; WN. Wanning; MZ. Mengzi; ML: Mengla; CZ: Chongzhou;
XY: Xinyu; XM: Xiamen; YL: Yulin; FQ: Fuqing.
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Fig.3 Analysis of principal coordinates (PcoA) between different individuals of R. ferrugineus
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CJ: Changjiang; SY: Sanya; QH: Qionghai; ZS: Wuzhishan; WN: Wanning; MZ. Mengzi; ML. Mengla; CZ. Chongzhou;
XY: Xinyu; XM; Xiamen; YL: Yulin; FQ: Fuqing.
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